I do not speak with any intimate knowledge of the subject, but I gather from the literature that scurvy is not a common disease among animals and is found only occasionally among pigs and rarely among dogs. In one wellknown veterinary text-book of recent publication, among other forms of treatment for scurvy recommended, I find " grain, mixed with acorns, horse chestnuts, calamus or gentian root, powdered oak bark, &c.," and for dogs, " good fresh meat, bouillon and milk." Anybody who has seen cases of real scurvy in man clear up on giving orange juice or other foods rich in antiscorbutic vitamin would not have much doubt either as to the main cause or best treatment of the disease.
It seems unlikely that beri-beri or the polyneuritis brought about by diets deficient in water-soluble B vitamin would be common in animals. The wide distribution of this vitamin in foodstuffs and more especially its presence in cereals makes a deficiency in the diet of animals unlikely unless the cereal of the food is converted into a form, such as white flour or polished rice, devoid of the vitamin. For this reason and also because birds appear to require a greater amount of vitamin B, hens are more likely to suffer from this disease. In fact it was the development of symptoms of polyneuritis in his domestic fowls that attracted the attention of Eijkman to the disease and brought about the first successful experimental studies. A deficiency of this vitamin in the diet may also be more important in the case of children, especially those eating certain patent foods, than is usually thought.
I wish now to confine my attention to an aspect of nutrition which I feel will ultimately prove of importance, more especially as regards the feeding of animals. I refer to the large part played in dietary by cereals.' I wish to provide evidence that cereals are capable of producing abnormality both in the structure and the functions of tissues, that some cereals are worse than others in this respect, and that their baneful effect can be entirely antagonized by other factors of the diet and environment. It is true that evidence of these facts has been mostly obtained by experiments on puppies, and, therefore, it is possible, but not likely, that the facts may only concern dogs and cannot be extended to other animals, especially to herbivorous animals. In the absence of evidence proving or disproving that the facts can be so extended, I shall assume that they are of general application to carniverous, omnivorous and herbivorous animals.
If puppies are fed on diets which are very good except for a deficiency in fat-soluble vitamin, then the growing bones tend to become badly calcified and soft and the animals develop rickets. The severity of the rachitic changes and the resulting bone deformity vary with the amount of cereal in the diet. If, for instance, the basal diet consists of definite amounts of separated milk, meat, olive oil, orange juice and yeast, and bread be added in different amounts such as 50 grm., 100 grm. and 150 grm. daily in the case of three puppies, then the animal eating 150 grm. will get worse rickets than the one eating 100 grm., and this, again, worse rickets than the one eating 50 grm. Thus we see that white flour tends to produce defective bone calcification and other associated changes when the diet is deficient in fat-soluble vitamin-a vita'min abundantly found in cod-liver oil and other fish fats, milk, eggs (yolk), butter, suet, and green vegetables, but deficient in most vegetable fats.
It might be suggested that wbite flour has this action specially developed because in preparation it has lost its pericarp and germ and with these most of its calcium and phosphorus, and that hard bones would more likely be produced by cereals containing an abundance of these substances, since this hardness depends on the deposition of calcium and phosphorus in the form of calcium phosphate. If this suggestion be true then cereals containing more calcium and phosphorus ought to have smaller rickets-producing effects than white flour. But this is not the case. General diet eaten daily by all included 200 c.c. separated milk, 10 grm. meat, 5 c.c. orange juice and 5 grm. yeast.
In addition A received 50-100 grm. oatmeal (cooked into porridge) and 3 c.c. cod-liver oil and 7 c.c. olive oil. B received 50-100 grm. white flour (cooked in same way as oatmeal) and 10 c.c. olive oil. C received 50-100 grm. oatmeal and 10 c.c. olive oil.
The 3 c.c. of cod-liver oil (A) has almost completely antagonized the oatmeal effect seen in C. The rickets in B (white flour) is not nearly so advanced as in C (oatmeal).
Suppose we feed a litter of puppies about 5 to 6 weeks old, and give to each the basal diet of separated milk, meat, olive oil, yeast and orange juice and sodium chloride, and, in addition, to one oatmeal, and to the others barley, rye, rice and white flour respectively, all in equal quantities and equally cooked, then the intensity in rickets will greatly vary. The puppy getting the oatmeal will be the worst, and that receiving the white flour the most normal of the litter, while the remaining puppies eating barley, rye and rice will be in a state of abnormality intermediate between the oatmeal and the white-flour puppies. This relative effect of white flour and oatmeal is well seen in figs. B and C. Thus of all the cereals so far tested, oatmeal has been found to be the most rickets-producing under these experimental conditions. Nor is this action of oatmeal to be explained by its being a manufactured product, for crushed oats and groats also produce most severe rickets under the same conditions.
Another surprising fact has been derived from these experiments. Suppose diets of the above described nature have in one case white flour as the cereal, and in the second case white flour and wheat germ (20 per cent. of the white flour), it will be found that the puppy taking the wheat germ will get the worse rickets, that is to say, wheat germ also contains a substance potently rickets-producing.
Two questions arise concerning these results with cereals: (1) What is the explanation of this variable toxic effect of cereals? (2) How can the effect be antagonized by other food stuffs and conditions ?
No definite answer can be given to question (1), but it is important to recognize that some of the most obvious possibilities do not explain the facts. In the first place oatmeal and wheat germ both contain much more calcium and phosphorus than white flour, so that their greater rickets-producing effect cannot be due to an absolute deficiency of either of these elements. Nor is it possible to explain their action on the basis of a relative unbalance of calcium and phosphorus, for the Ca: P ratio in oatmeal, wheat germ and white flour is respectively 1 : 5 7, 1 : 14-8, and 1 : 4'6. The complete irregularity in this ratio does not suggest that a feasible explanation can be obtained along these lines.
It used to be thought by some clinicians that carbohydrate had a definite rickets-producing effect, but, although there is undoubtedly some truth in this, the variable carbohydrate content of different cereals cannot explain the varying rickets-producing effect, for oatmeal, the worst offender contains only 67 per cent. starch as compared with the 75' per cent. of this substance in the more innocuous white flour.
Another important constituent of both oatmeal and wheat germ, which it appeared possible might be the offending factor, is nucleic acid. I have not up to the present obtained any good evidence that nucleic acid is the element responsible for these pathological changes. Thus it will be seen that none of the above suggestions explains the variable action of the cereals, and for the moment I can only suggest that there is something toxic and more especially abundant in oatmeal and wheat germn, and that rice and white flour contain much smaller quantities of this toxic agent.' I shall now demonstrate by means of radiographs that this action of cereals can be profoundly influenced by several conditions. First, let us see how simple salts containing calcium and phosphorus influence it.
Salts.
Sodium acid phosphate, in quantities up to 1 grm. per diem, added to the diet described above, with oatmeal as the cereal and deficient in fat soluble vitamin, has practically no effect.
Calciumphosphate has a slightly beneficial effect under the same-conditions. Calcium carbonate (up to 1 grm. daily) has a greater beneficial effect than calcium phosphate; if the puppy is of small breed and eats but little oatmeal, the calcium carbonate effect may result in the formation of fairly good bones.
The rickets-producing effect of cereals may be completely antagonized by fat-soluble vitamin.
Fat-soluble Vitamin.
(a) In Food.-The worst oatmeal effect can be completely prevented by adding small quantities of cod-liver oil containing fat-soluble vitamin. Thus in the puppy A (see fig.) had received 3 c.c. of cod-liver oil and 7 c.c. of olive oil daily (in addition to the usual basal substances) as compared with the puppy C, which had recived 10 c.c. of olive oil. The tremendously potent effect of the antirachitic vitamin of 3 c.c. of cod-liver oil daily is evident in the greatly improved calcification of the bone of A as compared with C.
(b) Ultra-violet Rays (Sunlight) Mobilizing the Vitamin.--Recent evidence shows that probably ultra-violet rays either of the sunlight or from a special lamp (mercury vapour-lamp in this case) striking the skin activate the fat-soluble vitamin present in the body and so bring about the same increase in activity of certain functions as results from ingestion and absorption of food-stuffs containing this vitamin.2 Thus it is now known, as the result of the observations of Huldischinsky and others, that ultra-violet rays, striking the skin, bring about calcification of bone and so tend to prevent or cure rickets, just as does the administration by mouth of cod-liver oil, egg yolk, milk or other sources of antirachitic vitamin. Cereals in the diet and exposure to ultra-violet light have, however, antagonistic effects on some physiological processes including bone calcification. When the diet is deficient in fat-soluble vitamin and contains much oatmeal, the effect of the ultra-violet rays is small, but as the cereal is reduced the rays become more effective and the animals exposed to them tend to be more nearly normal. It has been pointed out by others how fat-soluble vitamin and sunlight can be substituted for each other up to a certain point. I wish to emphasize that it can be equally well demonstrated that cereal and sunlight antagonize each other. In my experience diet is the dominant factor, but the action of dietetic substances can be aided or interfered with by exposure to the ultra-violet rays. So far I have illustrated my remarks by photographs showing the intention of nutritional factors in so far as they affect bone calcification. It would be wrong, however, if I gave the impression that it is only the calcification and growth of bone that is influenced by these potent interacting food factors. May Mellanby has, for instance, shown the effect of diet on the structure of the teeth, and their arrangement in the jaws. I shall only refer to one small part of her work and show you that the structure and calcification of the teeth and the jaws is also greatly influenced by the calcifying vitamin, and in the opposite sense bycereals. In this case also the more cereal eaten the worse the teeth and, among cereals themselves, oatmeal produces the worst teeth; wheat germ also tends to produce badly-formed teeth.
Recently Clifford, Surie, and myself have demonstrated to the Physiological Society that the structure and formation of the voluntary muscles can also be greatly influenced by the same dietetic factors. Thus it is easy in the case of growing puppies to produce all degrees of activity and lethargy, from extreme restlessness and great running speed down to absolute paralysis, by small variations in the diet. On the whole the muscle changes, which can be I Hnme, Lancet, 1922 Lancet, , ii, p. 1318 Goldblatt and Soames, ibid., p. 1321. 2 Deut8ch. Med. Woch., 1919, xlv, p. 712. detected microscopically and by chemical analysis as well as by the effect on their gross contracting power obvious in the living animal, run pari passu with the bone changes, so that defective bone calcification goes with weak muscles and perfect bone formation with muscles of great strength and contractile power. Such a relationship would of course be expeeted on teleological grounds for it ensures that powerful muscles should have correspondingly strong bony support.
No doubt other systems of the body are as profoundly influenced as those I have mentioned by diet but I think I have said enough to show that some of the ordinary articles of diet of man and animals have a great effect on bodily structure and function. The point I wish to emphasize to-day is the detrimental effects produced by over-feeding with cereals and cereal products and the way by which their bad effects can be antagonized.
If we assume that these results can in a general way be extended to herbivorous and other animals such as horses, cattle, pigs, &c., we must remember the distribution of the vitamin elements in the foodstuffs specially eaten by these animals. Green stuff is not only a source of fat-soluble vitamin but is considered to be the original source of this substance in animals. So it is probable that any action exerted by certain fats and other substances known to contain this vitamin which have been tested in the puppy experiments would also be exerted by green stuff including clover, lucerne and grass in the case of herbivorous animals. We have, as a matter of fact, tested the antirachitic action of cabbage (chopped and steamed) in the case of puppies, and it can be definitely stated that it does antagonize the cereal effect described above to some extent. The alimentary canal of dogs is not, however, suited for testing and observing the best effects of vegetables on nutrition and no doubt the action would be even more potent in the herbivora.
Such profound pathological conditions as rickets and osteomalacia found in pigs, sheep and horses (and possibly licking disease of cattle, associated with bony changes) have no doubt the same Etiology or a nearly allied wtiology to these diseases in puppies and human beings-an atiology implied in my previous remarks. But these gross changes, except in pigs, seem to be relatively rare. What must be much more common are the slighter changes affecting bone, muscle and no doubt other organs, which follow on the dietetic errors indicated. I suspect that some of the lameness and muscular weakness in horses could be traced to the same cause, i.e., actual or relative overfeeding with cereals, especially oats and cereal products, and deficiency or absence from the diet of hay, clover, lucerne and other sources of the fat-soluble vitamin. If, in addition to a diet containing excessive cereal, there is confinement in dark stables, stalls or styes with no access to light, it can be readily understood how, on the basis of the facts described above, all manner of morbid conditions may arise. Parenthetically I may add that I have often thought that the diet of race-horses in training might be expected to ensure the losing rather than the winning of races, and the breakdown in health of the animals so commonly experienced is not surprising. In the treatment of lameness in horses by rest and turning out to grass, I think it probable that the curative results are not so dependent on the rest as on the larger amount of green-stuff and diminution in cereal and cereal products eaten under these conditions. Combined with this dietetic change the possibility of the animals benefiting by the sunshine may also be of importance. The suggestion that some of the pathological muscular and bone changes in animals are due to wrong dieting such as I have described is also supported by the condition known as "miller's lameness," a disease recognized as developing in horses fed freely on wheat offal. The experimental results on wheat germ indicate the possibility of a development of this nature. The wheat germ effect is of special interest because this substance is known to contain a large amount of vitamin B as well as some vitamin A. For this reason the more progressive agriculturists and stockraisers might advocate its value for feeding purposes. If so, it must be remembered that the germ also contains a substance or substances capable of bringing about pathological changes and that if it forms a large part of the diet, special precautions, such as supplying additional chalk and greenstuff, must be taken to antagonize the toxic action of the germ constituent.
For an opening address on the subject of " Nutritional Diseases in Animals" my remarks may be considered too narrow in their scope. There is, for instance, one wide aspect of the subject which I have failed to mention, although it will, no doubt, prove ultimately to be of supreme importance. I refer to the effect of diet on resistance to infection. From my own experiences with experimental animals, in which I have seen the much greater incidence and virulence of pneumonia and other lung troubles, of distemper, of mange and other skin diseases in animals on diets showing qualitative defects as compared with those on physiologically better diets, I am sure that this subject requires investigation. I hope that others taking part in this discussion will speak at greater length on this important problem.
In conclusion, the points I wish to emphasize are that diets containing too much cereal are capable of bringing about widespread and severe pathological abnormalities; that these changes, while produced to some extent by all cereals tested, are more particularly called forth by oats and oatmeal and wheat germ (and possibly by the germ of other cereals); that the toxic effect of cereals may be completely antagonized by fat-soluble vitamin contained in cod-liver oil, milk, eggs, &c., and that in the case of herbivorous animals a similar vitamin in grass, hay, clover, lucerne, cabbage and lettuce, &c., probably exerts the same beneficial action; that the cereal effect can be antagonized to some extent by calcium salts, especially calcium carbonate, and that out-of-door existence involving exposure to sunlight and sources of ultra-violet rays by mobilizing the fat-soluble vitamin stores in the body also helps to neutralize the toxic cereal effect.
Dr. HARRIETTE CHICK.
One of the most important questions which arises in considering such laboratory experiments as those just described by Professor Mellanby is whether, and to what extent, the results obtained with one animal are applicable to the case of other animals and to man.
Ten years ago the supposed existence of vitamins was based upon two, apparently isolated, sets of facts. First, the researches of the Dutch investigators, Eijkman and Grijns, showed that an exclusive diet of polished rice (i.e., deficient in vitamin B) when fed to birds, would cause a condition of polyneuritis presenting a close analogy with human beri-beri, a disease also confined usually to rice-eaters. In the second place Holst and Frohlich, in Christiania, showed that by depriving guinea-pigs of the fresh element in their diet (vitamin C) a disease could be induced, which might be regarded as the physiological equivalent of human scurvy. The conclusions of these workers were subjected to much discussion as to whether these animal diseases were really awtiologically similar to the human disorders.
The importance of the fat-soluble vitamins (vitamin A and the antirachitic vitamin) was later discovered by McCollum and his colleagues working with rats, and by Mellanby working with dogs.
